Background : According to previous reports, lobectomy with bronchoplasty or angioplasty is a more feasible surgery than pneumonectomy for central -type non -small cell lung cancer. However, few studies have compared both the short -and long -term outcomes between pneumonectomy and pulmonary function -preserving surgery. Methods : From January 2004 to December 2015, 18 patients underwent pneumonectomy (Group PN) and 12 patients underwent pulmonary function -preserving surgery (group PS) at Fukushima Medical University Hospital. Clinicopathological factors were statistically compared between the two groups. Results : The operation times in Group PN and Group PS were 285.9±27.9 and 271.3±99.2 min, respectively (p=0.613), while the amounts of intraoperative bleeding were 324.8±248.9 and 164.5±116.6 g, respectively (p=0.020). The duration of chest drainage and hospitalization after surgery in both groups were not significantly different but there was a tendency toward shorter periods of these durations in Group PS. The 5 -year disease -free survival (DFS) rate in Group PN and PS was 51.4% and 74.1%, respectively, without a significant difference (p=0.298). The 5 -year overall survival (OS) rate in Group PN and PS was 52.5% and 56.6%, respectively, also without a significant difference (p=0.748). The 5 -year OS rate was inferior to the 5 -year DFS rate in Group PS, and the 5 -year OS rate was not better than the 5 -year DFS rate in Group PN. Conclusions : The short -term results were better in Group PS than PN. However, the long -term results in both groups were similar. Other causes of death influenced OS in both groups ; this result might have been affected by the surgical procedures.
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Introduction
Central -type lung cancer sometimes invades bronchial openings and/or the pulmonary artery (PA). For these patients, lobectomy/segmentectomy with bronchoplasty or PA angioplasty is often preferred. This surgery sometimes requires simultaneous reconstruction of the airways and/or blood vessels. On the other hand, pneumonectomy for lung cancer is reportedly associated with significant morbidity and mortality 1 -3) , including postpneumonectomy lung edema, adult respiratory distress syndrome, bronchopleural fistula, and postpneumonectomy syndrome 3) . We recently began to employ Pneumonectomy and function -preserving surgery pulmonary function -preserving surgery to avoid morbidity and mortality whenever technically possible. However, pneumonectomy is inevitable when complete resection cannot otherwise be achieved. Previous reports have already shown that lobectomy with bronchoplasty or angioplasty is a more feasible surgery than pneumonectomy for central -type nonsmall cell lung cancer (NSCLC). However, these previous reports independently compared the outcomes between pneumonectomy and lobectomy with bronchoplasty or between pneumonectomy and lobectomy with angioplasty. Few reports have compared the short -and long -term outcomes between pneumonectomy and pulmonary functionpreserving surgery including both lobectomy with bronchoplasty and with angioplasty together when performed to avoid pneumonectomy. In this study, we evaluated these clinicopathological results to reveal the utility of pulmonary function -preserving surgery.
Materials and Methods

Patient characteristics
From January 2004 to December 2015, pulmonary resection was performed in 1150 consecutive patients with primary NSCLC at Fukushima Medical University Hospital in Japan. Of these patients, 18 (1.6%) underwent pneumonectomy (Group PN) and 12 (1.0%) underwent pulmonary function -preserving surgery (lobectomy with bronchoplasty, n=5 ; lobectomy with angioplasty, n=5 ; and lobectomy with both bronchoplasty and angioplasty, n=2 ; Group PS). The patients' clinical records were retrospectively analyzed, and further data were collected from patient surveys. Variables were shown as mean±standard deviation (SD). The protocol was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines.
Preoperative staging
The indications for surgery, clinical staging work -up, preoperative cardiopulmonary function tests, possible induction therapy, and postoperative course were evaluated. The preoperative work -up included a clinical history, physical examination, and chest computed tomography (CT) scan with intravenous contrast no more than 1 month before surgery as well as a complete blood count, biochemical blood analysis, and blood gas analysis. Cardiovascular and respiratory function was assessed by electrocardiography and pulmonary function tests. When a patient was suspected to have N2 disease based on CT or fluorodeoxyglucose -positron emission tomography findings, transbronchial needle aspiration biopsy was performed. Platinum -based induction chemotherapy was administered in patients with N2 disease.
Surgical procedures
The procedures were performed under general anesthesia with double -lumen tube placement through a standard posterolateral thoracotomy. The indications for the vascular reconstructive procedure and bronchoplastic procedure were direct PA infiltration by the tumor or metastatic lymph nodes and bronchial infiltration by the tumor or metastatic lymph nodes, respectively. The indication for pneumonectomy was direct PA or bronchial infiltration and pulmonary invasions to the ipsilateral lobes. If the main PA was macroscopically free from cancer involvement and sufficiently distant from the tumor, both proximal and peripheral control of the main PA was achieved using a Satinsky clamp. Once the lobe had been removed, a fine measurement of the vascular defect was conducted. If the defect comprised >25% of the anterior wall, we used the pericardium to achieve satisfactory functional anatomy of the vessel. The bronchial margins were confirmed to be tumor -free by frozen histologic evaluation. End -to -end bronchial anastomosis was performed with interrupted absorbable 3 -0 or 4 -0 sutures (PDS II ; Ethicon, Inc., Somerville, NJ, USA). All patients underwent curative oncologic resection associated with complete mediastinal lymphadenectomy. After thoracotomy closure, pain was controlled by means of continuous epidural ropivacaine hydrochloride hydrate or intravenous fentanyl.
Surgical pathologic examination was conducted using morphologic and immunohistochemical techniques and evaluated according to the standard of Union for International Cancer Control 7 th edition, 2009.
Treatment and follow -up
Patients who underwent lobectomy with angioplasty were followed up postoperatively by contrast CT with multi -planar reconstruction at 1 week postoperatively and again at 3 to 6 months postoperatively. Patients who underwent pneumonectomy and lobectomy with bronchoplasty were followed -up postoperatively by bronchoscopy and CT at 1 to 3 months postoperatively to observe the healing of the bronchial stump and anastomosis. months, all patients underwent chest X -ray examinations every 1 month and contrast CT examinations every 6 months. CT scans were then scheduled every 12 months if the patients were formerly negative for cancer relapse. Locoregional recurrence was defined as recurrence of disease at the resection margin, bronchial stump, or ipsilateral hemithorax. Distant recurrence included the supraclavicular fossa, contralateral hilum, and all other distant organs.
Statistical analysis
Clinicopathological factors were compared between the two groups using the two -tailed Pearson's chi -square test. Fisher's exact test was used to analyze categorical variables, and the t -test was used for continuous variables. Survival probabilities were estimated using the Kaplan -Meier method. All tests were two -sided, and a p value of <0.05 was considered statistically significant. Statistical analysis was conducted with SPSS version 21.0 (IBM Corp., Armonk, NY, USA).
Results
Patient characteristics
Comparison of the patients' clinicopathological characteristics and operative results in Group PN (n=18) and Group PS (n=12) are shown in Table 1 . There were no significant differences in age, sex, affected side, or tumor size between the two groups ; however, the histologic type trended toward squamous cell carcinoma in Group PN and non -squamous cell carcinoma in Group PS (p=0.073). The Brinkmann index was higher in Group PS than PN (941.7±434.3 and 1253±762.5, respectively ; p= 0.030). The use of induction chemotherapy and adjuvant chemotherapy were not significantly different between the two groups. Each group had similar preoperative pulmonary function. The mean preoperative forced expiratory volume in 1 second for patients who underwent pneumonectomy was 2091±126.3 ml, and that in patients who underwent pulmonary function -preserving surgery was 2316±125.9 ml (p=0.914). These data show that all patients had tolerability for the surgical treatment. In both groups, the bronchus and/or PA was involved by the primary tumor or metastatic lymph nodes. In Group PN, pulmonary invasion to other lobes was considered the indication for pneumonectomy, whereas pulmonary invasion was not found in Group PS.
Short -term results
To evaluate the short -term clinical results, the following parameters were compared between the two groups : operation time, intraoperative bleeding, duration of chest drainage, duration of hospitalization, operative mortality, and operative morbidity ( Table 2 ). The operation time in Group PN and PS were 285.9±27.9 and 271.3±99.2 min, respectively (p=0.613), while the amount of intraoperative bleeding in the two groups was 324.8±248.9 and 164.5± 116.6 g, respectively (p=0.020). The duration of chest drainage and hospitalization after surgery in Group PN were 9.8±15.5 and 26.9±33.9 days, respectively, and those in Group PS were 3.2±2.6 and 10.2±3.7 days, respectively, with a tendency toward a shorter period in Group PS (p=0.055 and 0.074, respectively). Operative mortality was defined as any death within 30 days of surgery or during the same hospital admission. Only one case of operative mortality occurred in this study (Group PN). However, 13 cases of operative morbidity (72.2%) occurred in Group PN and 4 (33.3%) occurred in Group PS, with a significant difference between the two groups (p=0.035). Common complications after surgery included early -or late -onset bronchial fistula (n=3), pneumonia (n=2), chylothorax (n=2), and pyothorax (n=2) in Group PN and vocal cord palsy (n=2), pneumonia (n=1), prolonged air leakage (n=1), and delirium (n=1) in Group PS.
Long -term results
The median follow -up time was 42.9±39.7 months ( range, 1 -127 months). We checked the final assessment of survival in July 31, 2016). During the follow -up period, recurrence occurred in 38.9% (7 of 18 patients) in Group PN (locoregional recurrence in 1, distant metastasis in 4, and locoregional recurrence + distant metastasis in 2) and 25.0% (3 of 12 patients) in Group PS (distant metastasis in 2 and locoregional recurrence + distant metastasis in 1). There were no significant differences in recurrence between the two groups (p=0.791) ( Table 3 ). The 5 -year disease -free survival (DFS) rate was 51.4% and 74.1% in Group PN and PS, respectively, without a significant difference (p=0.298) (Figure 1 ). The 5 -year overall survival (OS) rate was 52.5% and 56.6% in Group PN and PS, respectively, also without a significant difference (p=0.748) (Figure 2) . Remarkably, the 5 -year OS was inferior to the 5 -year DFS in Group PS, and the 5 -year OS in Group PN was not better than the 5 -year DFS in Group PN. The causes of death in Groups PN and PS were lung cancer in four and three patients, respectively, and other diseases in six and one patient, respectively. There were no significant differences in these causes of death between the two groups (p=0.270) ( Table 3) . In Group PN, the other diseases causing death were respiratory disorders (n=4), acute myocardial infarction (n=1), and hemorrhagic shock due to apart of PA ligation (n=1) ; in Group PS, the only other cause of death besides lung cancer was another type of cancer (n=1).
Discussion
Lung cancer is the leading cause of cancer -related death worldwide 4) . Surgical resection is one of the mainstays for treatment of NSCLC together with chemotherapy, radiation therapy, and recent immunotherapy. Surgical treatment of NSCLC involving the proximal bronchi or PA can be challenging. Pneumonectomy is the most extensive pulmonary resection with which to ensure complete resection for these patients. However, pneumo- , and induction therapy 8 -10) , which downstages the tumors to render them resectable. Thus, avoidance of pneumonectomy can be achieved in selected patients at an early disease stage. The first sleeve lobectomy was performed by Prince -Thomas in 1942 11) , and the oncologic value of lobectomy with pulmonary arterioplasty was initially reported by Vogt -Moykopf et al. 12) in 1986. These procedures have since been accepted as valuable options to avoid pneumonectomy in selected patients. Many retrospective analyses have evaluated the operative mortality and morbidity of pneumonectomy and pulmonary function -preserving surgeries such as sleeve lobectomy 1 -3) or PA reconstruction 13) in patients with NSCLC. In one study, the overall operative mortality associated with the surgical treatment of lung cancer in Japan was reportedly satisfactorily low, with a 30 -day mortality rate of 0.33% 14) . In that survey, the 30 -day procedure -related mortality rate was 0.34% for lobectomy and 1.97% for pneumonectomy 14) . According to recent international reports, sleeve lobectomy or lobectomy with angioplasty can be performed with a much lower operative mortality rate (0.0% -7.5%) than achieved with pneumonectomy (4.9% -12.0%) 13,15 -17) . The complication rate in our study was 33.3% in Group PS and 72.2% in Group PN and included pneumonia, hoarseness, chylothorax, pyothorax, and other conditions (Table 2) . Fewer postoperative complications occurred in Group PS than PN. The incidence of postoperative complications in Group PS was comparable with that in other studies 7, 18) . No bronchopleural fistulas occurred among 12 patients who underwent curative lobectomy with bronchoplasty or PA reconstruction, whereas the incidence was 11% in previous reports of sleeve lobectomy 7, 18) . On the other hand, 3 of 18 patients (16.7%) who underwent pneumonectomy developed stump failure. Either the low blood perfusion of the blind end of the resected margin or the increased airway pressure might have influenced the higher rate of bronchopleural fistula after pneumonectomy. In Group PS, neither PA stenosis nor obstruction occurred among patients who underwent PA reconstruction. Operation -related death occurred in one patient in Group PN ; this number is comparable with that in a previous report 19) . These results indicate that lobectomy with bronchoplasty or angioplasty is a safer procedure than pneumonectomy. The results of this study clearly show that pulmonary function -preserving surgery is a satisfactory treatment for lung cancer in terms of operative risk.
One possible problem associated with pulmonary function -preserving surgery for lung cancer is the potentially increased rate of local recurrence due to the remaining lung tissue. The local recurrence rate after sleeve lobectomy ranges from 8% to 23% 20, 21) and that after PA reconstruction is 26.3% 11) , whereas the local recurrence rate after pneumonectomy reportedly ranges from 10% to 14% 20, 21) . Pneumonectomy is therefore most likely to be a more appropriate surgical procedure for tumors involving the proximity to the hilum when performed with curative intent. In this study, however, Group PS had a somewhat higher DFS than Group PN. Local recurrence was observed in one patient (8.3%) in Group PS and three patients (16.7%) in Group PN. This finding indicates satisfactory local control of central -type lung cancer by pulmonary functionpreserving surgery. There was no significant difference in DFS between the two groups. However, in Group PS, the 5 -year OS rate was inferior to the 5 -year DFS rate, indicating that the prognosis in Group PS might be affected by the surgical procedure itself despite the fact that the postoperative morbidity in this group was significantly lower. Our study showed some superior clinical aspects in Group PS compared with Group PN. However, our study had a small sample size and therefore limited power. A larger study is needed to compare the superiority and inferiority of pulmonary function -preserving surgery with those of pneumonectomy.
Conclusions
The short -term results were superior in Group PS compared with Group PN. However, the longterm results in both groups were similar. Other causes of death influenced OS in both groups, especially OS in Group PS, which might have been affected by the surgical procedure. A prospective randomized trial may help to resolve these issues.
